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[NAME OF DOCUMENTS] SPECIFICATION 
[TITLE OF THE INVENTION] Optical Device 
[CLIMS] 

[Claim 1] An optical element comprising: 
5 optical input/output means, having a plurality of 

ports, for inputting and outputting light; 

polarization separating means for receiving light 
from any of the plurality of ports, separating the light 
in terms of polarization into respective polarized light 
10 components having first and second directions orthogonal 

to each other, and outputting a first light beam of the 
polarized light component having the first direction and 
a second light beam of the polarized light component having 
the second direction; 
15 polarization plane rotating means for receiving any 

of the first and second light beams outputted from the 
polarization separating means, rotating a polarization 
direction of the received light beam to make the first and 
second light beams have the same polarization direction, 
20 and outputting thus rotated light beam; 

wavelength branching means for receiving the first 
and second light beams outputted from the polarization 
separating means and the polarization plane rotating means, 
spatially separating the light beams in terms of wavelength, 
25 and outputting thus separated wavelength light components; 

a condenser optical system for receiving the 
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wavelength light components outputted from the wavelength 
branching means after wavelength separation, and converging 
thus received wavelength light components; and 

reflecting means having a mirror with a reflecting 
5 surface located at a light -converging point of the wavelength 

light components converged by the condenser optical system, 
and causing the light reflected by the mirror to be outputted 
from any of the plurality of ports by way of the condenser 
optical system, wavelength branching means, polarization 

10 plane rotating means, and polarization separating means. 

[Claim 2] An optical element according to claim 1, wherein 
the wavelength light components included in each of the first 
and second light beams, separated in terms of wavelength 
by the wavelength branching means, and collected by the 

15 condenser optical system have the same incident angle with 

respect to the reflecting surface of the mirror. 
[Claim 3] An opt ical element according to claim 1 , wherein 
the polarization plane rotating means receives one of the 
first and second light beams outputted from the polarization 

2 0 separating means, rotates the polarization direction of thus 

received light beam by 90°, and outputs thus rotated light 
beam. 

[Claim 4] An opt ical element according to claim 1 , wherein 
the wavelength branching means has a wavelength branching 
25 efficiency depending on the polarization direction of the 

incident light; and 
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wherein the polarization plane rotating means causes 
the received light beam to attain a polarization direction 
yielding the highest wavelength branching efficiency in the 
wavelength branching means. 
5 [Claim 5] An opt ical element according to claim 1 , wherein, 

the wavelength branching means includes a diffraction 
grating device. 

[Claim 6] An optical element according to claim 1 , wherein 
the wavelength branching means includes a plurality of 
10 mirrors. 

[DETAILED DESCRITION OF THR INVENTION] 
[0001] 

[Field of the Invention] 

[0001] The present invention relates to an optical element 
15 which can multiplex or demultiplex multiwavelength signal 

light. 
[0002] 
[PRIOR ART] 

Diffraction grating devices act as so-called 
20 wavelength branching means. When multiplexed 

multiwavelength signal light is inputted, a diffraction 
grating device can cause the multiwavelength signal light 
to branch off spatially into individual wavelengths. 
Optical elements using such wavelength branching means can 
25 input multiplexed multiwavelength signal light, 

demultiplex it into individual wavelengths or individual 
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bands, and output them; or multiplex respective 
multiwavelength signal light components inputted for 
individual wavelengths or individual bands and output thus 
multiplexed signal light. Thus, the optical elements are 
5 used as optical multiplexers, optical demultiplexers, and 

the like in optical communication systems. However, the 
wavelength branching efficiency of such wavelength 
branching means depends on the polarization direction of 
incident light. Therefore, depending on the polarization 
10 directionof incident light, such wavelengthbranching means 

may incur a large loss upon demultiplexing or multiplexing, 
thus exhibiting a polarization-dependent loss. 
[0003] 

Hence, it has been known to lower the 
15 polarization-dependent loss of an optical element by causing 

the light incident on the wavelength branching means to have 
a fixed polarization direction (see Fig. 6 of Document 1: 
In the optical element disclosed in Document 1, light fed 
into an input port is divided in terms of polarization into 
20 two luminous fluxes by a polarization separating device. 

Then, the polarization direction of one of the luminous 
fluxes is rotated by 90° by a half-wave plate, so that the 
two luminous fluxes attain the same polarization direction. 
Thereafter, the two luminous fluxes are caused to branch 
25 off in terms of wavelength by a diffraction grating device, 

whereas thus obtained individual wavelength light 
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components are reflected by a prism so as to turn back their 
optical paths. In the optical element, the individual 
wavelength light components included in the two luminous 
fluxes whose optical paths are turned back by the prism are 
5 combined in terms of polarization by the half-wave plate 

and polarization separating device by way of the diffraction 
grating device, and thus combined light is outputted from 
an output port. 
[0004] 

10 [PATENT DOCUMENTS] 

U.S. P. 6,084,695 
[0005] 

[PROBLEMS TO BE SOLVED] 

In the optical element disclosed in Document 1 , however, 

15 the incident angle of the light incident on the prism for 

turning back the optical paths varies depending on 
wavelengths. Hence, the incoming path directed from the 
prism to the output port forms an angle with the outgoing 
path directed from the input port to the prism, whereby the 

20 light coupling efficiency with respect to the output port 

deteriorates. Therefore, this optical element exhibits a 
large insertion loss. 
[0006] 

In order to overcome the problem mentioned above, it 
25 is an object of the present invention to provide an optical 

element which can reduce both the polarization-dependent 



5 



FP02-0277-02 



loss and insertion loss. 
[0007] 

[MEANS FOR SOLVING THE PROBLEMS] 

An optical element in accordance with the present 
5 invention comprises (1) optical input/output means, having 

a plurality of ports, for inputting and outputting light; 

(2) polarization separating means for receiving light from 
any of the plurality of ports, separating the light in terms 
of polarization into respective polarized light components 

10 having first and second directions orthogonal to each other, 

and outputting a first light beam of the polarized light 
component having the first direction and a second light beam 
of the polarized light component having the seconddirection; 

(3 ) polarization plane rotating means for receiving any of 
15 the first and second light beams outputted from the 

polarization separating means, rotating a polarization 
direction of the received light beam to make the first and 
second light beams have the same polarization direction, 
and outputting thus rotated light beam; ( 4 ) wavelength 

20 branching means for receiving the first and second light 

beams outputted from the polarization separating means and 
the polarization plane rotating means, spatially separating 
the light beams in terms of wavelength, and outputting thus 
separated wavelength light components; (5) a condenser 

25 optical system for receiving the wavelength light components 

outputted from the wavelength branching means after 
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wavelength separation, and converging thus received 
wavelength light components; and ( 6 ) reflecting means having 
a mirror with a reflecting surface located at a 
light-converging point of the wavelength light components 
5 converged by the condenser optical system, and causing the 

light reflected by the mirror to be outputted from any of 
the plurality of ports by way of the condenser optical system, 
wavelength branching means, polarization plane rotating 
means, and polarization separating means. 
10 [0008] 

The optical element can act as an optical demultiplexer 
or optical multiplexer. When multiplexed signal light is 
fed into any of a plurality of ports included in the optical 
input/output means, the polarization separating means 

15 separates the multiplexed signal light in terms of 

polarization into respective polarized light component 
having first and second directions orthogonal to each other . 
Then, the first light beam of the polarized light component 
having the first direction and the second light beam of the 

20 polarized light component having the second direction are 

outputted. The first and second light beams outputted from 
the polarization separating means are turned into light beams 
having the same polarization direction by the polarization 
plane rotating means, and are then fed into the wavelength 

25 branching means. The first and second light beams fed into 

the wavelength branching means are spatially separated in 
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terms of wavelength by the wavelength branching means, and 
then are outputted. Thus obtained- individual wavelength 
components of signal light are converged by the condenser 
optical system, and are made incident on and reflected by 
5 a mirror included in the reflecting means. Thus reflected 

individual wavelengths of signal light are outputted from 
any of the ports after passing the condenser optical system, 
wavelength branching means, polarization plane rotating 
means, and polarization separating means. As such, the 
10 multiplexed signal light is demultiplexed. When light 

propagates in the opposite direction, mul tiwavelength 
signal light components are multiplexed, and thus 
multiplexed signal light is outputted. 
[0009] 

15 As explained in the foregoing, the optical element 

in accordance with the present invention comprises 
polarization separating means and polarization plane 
rotating means. Therefore, the light incident on the 
wavelength branching means can always attain a polarization 

20 direction yielding the highest diffraction efficiency in 

the wavelength branching means. Also, the light is 
converged on and reflected by the light-converging point 
on the reflecting surface in a mirror of the reflecting means , 
which is a turning point of light from the outgoing path 

25 to the incoming path, thus passing through the same condenser 

optical system in the outgoing and incoming paths. 
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Therefore, even when the angle of inclination of the 
reflecting surface of the mirror varies, the outgoing and 
incoming paths become parallel to each other between the 
port and the condenser optical system. As a consequence, 
5 regardless of the state of polarization of input light, the 

optical element lowers the loss upon demultiplexing or 
multiplexing, and reduces the polarization-dependent loss. 
[0010] 

Preferably, the wavelength light components included 

10 in each of the first and second light beams, separated in 

terms of wavelength by the wavelength branching means, and 
collected by the condenser optical system have the same 
incident angle with respect to the reflecting surface of 
the mirror. Preferably, the polarization plane rotating 

15 means receives one of the first and second light beams 

outputted from the polarization separating means, rotates 
the polarization direction of thus received light beam by 
90°, and outputs thus rotated light beam. Preferably, the 
wavelength branching means has a wavelength branching 

20 efficiency depending on the polarization direction of the 

incident light, whereas the polarization plane rotating 
means causes the received light beam to attain a polarization 
direction yielding the highest wavelength branching 
efficiency in the wavelength branching means . Preferably, 

25 the wavelength branching means includes a diffraction 

grating device . Preferably, the reflecting means includes 



9 



FP02-0277-02 



a plurality of mirrors. 
[0011] 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following, embodiments of the present invention 
5 will be explained in detail with reference to the 

accompanying drawings . In the explanation of the drawings, 
constituents identical to each other will be referred to 
with numerals identical to each other without repeating their 
overlapping descriptions . 
10 [0012] 

Fig. 1 is schematic diagram of the optical element 
1 in accordance with an embodiment. For convenience of 
explanation, an xyz orthogonal coordinate system is shown 
in these diagrams. The y axis in the xyz orthogonal 

15 coordinate system is parallel to the optical axis of the 

optical system disposed between input/output ports 111 to 
114 and a diffraction grating device 150. Also, the y axis 
is parallel to the optical axis of an optical system disposed 
between the diffraction grating device 150 and mirrors 171 

20 to 173. The z axis in the xyz orthogonal coordinate system 

is common. Fig. 1A is a view of the optical element 1 as 
seen in the direction parallel to the z axis. Fig. IB is 
a view of the optical element 1 as seen in the direction 
parallel to the x axis. The optical element 1 shown in these 

25 diagrams comprises the input/output ports 111 to 114, a 

polarization beam splitter 120, a mirror 130, a half-wave 
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plate 140, the diffraction grating device 150, a lens 160, 

and the mirrors 171 to 173. 

[0013] 

Each of the input/output ports 111 to 114 constitutes 
5 optical input/output means for inputting/outputt ing light 

into/from the optical element 1. The respective light 
inputting/outputting directions of the input/output ports 
111 to 114 are located on a first virtual plane (a plane 
parallel to the yz plane) and are parallel to each other. 

10 Namely, when any of the input/output ports 111 to 114 is 

employed for inputting, the optical axis of light directed 
fromthis input/output port to the polarizationbeam splitter 
120 is parallel to the y axis. When any of the input/output 
ports 111 to 114 is employed for outputting, the optical 

15 axis of light directed from the polarization beam splitter 

120 to this input/output port is parallel to the y axis as 
well. The optical axes of the light beams between the 
respective input /output ports 111 to 114 and the polarization 
beam splitter 120 are located on the first virtual plane. 

20 Preferably, each of the input/output ports 111 to 114 is 

an optical fiber collimator having a lens function at an 
end face of an optical fiber. 
[0014] 

The polarization beam splitter 120 acts as 
25 polarization separating means. Namely, the polarization 

beam splitter 12 0 receives light from any of the input /output 
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ports 111 to 114, and separates this light in terms of 
polarization into respective polarized light components 
having first and second directions orthogonal to each other . 
Then, the polarization beam splitter 120 outputs a first 
5 light beam of the polarized light component having the first 

direction to a first optical path Pi, and a second light 
beam of the polarized light component having the second 
direction to a second optical path P 2 . The first direction 
is a polarization direction yielding the highest diffraction 

10 efficiency in the diffraction grating device 150, and is 

parallel to the x axis. The second direction is a 
polarization direction orthogonal to the first direction 
and parallel to the z axis. Immediately after the first 
light beam is outputted from the polarization beam splitter 

15 120, the first optical path Pi is in a direction parallel 

to the y axis. Immediately after the second light beam is 
outputted from the polarization beam splitter 12 0, the second 
optical path P 2 is parallel to the x axis. 
[0015] 

2 0 The mirror 13 0 reflects the second light beam output ted 

from the polarization beam splitter 12 0 to the second optical 
path P 2 , and outputs thus reflected second light beam into 
a direction parallel to the y axis. The half-wave plate 
140 receives the second light beam outputted from the mirror 

25 130 to the second optical path P 2 , rotates the polarization 

direction of the second light beam by 90°, and employs the 
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resulting polarization direction as the first polarization 
direction. The half -wave plate 14 0 outputs the second light 
beam having attained the first polarization direction into 
the second optical path P 2 . Namely, the half-wave plate 
5 140 acts as polarization plane rotating means, which can 

receive any of the first and second light beams outputted 
from the polarization beam splitter 120, rotate a 
polarization direction of the received light beam to make 
the first and second light beams have the same polarization 

10 direction, and output thus rotated light beam. In. 

particular, the half-wave plate 140 acting as polarization 
plane rotating means receives only the second light beam 
outputted from the polarization beam splitter 120, rotates 
the polarization direction of the second light beam by 90°, 

15 and outputs thus rotated light beam. Also, the half-wave 

plate 140 acting as polarization plane rotating means causes 
both the first and second light beams to attain a polarization 
direction yielding the highest wavelength branching 
efficiency in the diffraction grating device 150. 

20 [0016] 

The diffraction grating device 150 acts as wavelength 
branching means. Namely, the diffraction grating device 
150 receives the first light beam (polarized light component 
having the first direction) outputted from the polarization 
25 beam splitter 120 to the first optical path Pi, and the second 

light beam (polarized light component having the first 
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direction) having its polarization direction rotated by 90° 
by the half-wave plate 140 after being outputted from the 
polarization beam splitter 120 to the second optical path 
P 2 . The transmission type diffraction grating device 150 
5 diffracts individual wavelength components included in the 

first and second light beams at respective diffraction angles 
corresponding to the wavelengths, thereby spatially 
separating the individual wavelength light components, and 
output them to the lens 1 60 . The diffraction grating device 

10 150 is disposed such that its grating direction is parallel 

to the z axis. Therefore, if the optical axis of the light 
incident on the grating device 150 is parallel to the y axis, 
the individual wavelength light components outputted from 
the diffraction grating device 150 after wavelength 

15 separation have optical axes located on a second virtual 

plane (a plane parallel to the xy plane) . 
[0017] 

The lens 160 constitutes a condenser optical system 
for converging the individual wavelength light components 

20 outputted from the diffraction grating device 150 after 

wavelength separation. Light-converging points formed by 
the lens 1 60 are located on reflecting surfaces of the mirrors 
171 to 173. As a consequence, the light is converged onto 
the reflecting surfaces of the mirrors 171 to 173 by the 

25 lens 160. If the lens 160 has no chromatic aberration, 

respective light-converging points for the individual 
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wavelength light components are located on a line parallel 

to the x axis. 

[0018] 

The mirrors 171 to 173 have reflecting surfaces at 
5 light-converging points of the wavelength light components 

converged by the condenser optical system. The mirrors 171 
to 173 constitute reflecting means for reflecting the 
individual wavelength components at the reflecting surfaces . 
The individual wavelength light components included in each 

10' of the first, and second light beams converged by the lens 

1,60 after being separated in terms of wavelength by the 
diffraction grating device 150 have the same incident angle 
with respect to their corresponding reflecting surfaces of 
the mirrors . Each of the mirrors 171 to 173 has a reflecting 

15 surface whose angle of inclination is set appropriately. 

As a consequence, each wavelength light component reflected 
by the reflecting surface is outputted from any of the 
input/output ports 111 to 114 after passing the lens 160, 
diffraction grating device 150, half-wave plate 140, mirror 

20 130, and polarization beam splitter 120. 

[0019] 

The respective light input/output directions of the 
input/ output ports 111 to 114 are located on the first virtual 
plane (plane parallel to the yz plane) and are parallel to 
25 each other. The individual wavelength light components (in 

both the first optical path Pi and second optical path P 2 ) ' 
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outputted from the diffraction grating device 150 after 
wavelength separation have their optical axes located on 
the second virtual plane (plane parallel to the xy plane) • 
The first and second virtual planes are perpendicular to 
5 each other* 

[0020] 

Preferably, an optical system is provided between the 
input/output ports 111 to 114 and the diffraction grating 
device 150, such that, for the light fed from the input/output 

10 ports 111 to 114 to the diffraction grating device 150 (in 

both the first optical path Pi and second optical path P 2 ) , 
thebeamwidth in a direction (parallel to the x axis ) parallel 
to the second virtual plane is greater than the beam width 
in a direction (parallel to the z axis) perpendicular to 

15 the second virtual plane. This can achieve an improved 

wavelength resolution and a smaller size of the optical 
element 1 . 
[0021] 

The line connecting a point at which the optical axis 
20 of the first light beam (optical axis of the first optical 

path Pi) fed from the input/output ports 111 to 114 into 
the diffraction grating device 150 and a point at which the 
optical axis of the second light beam (optical axis of the 
second optical path P 2 ) fed from the input/output ports 111 
25 to 114 into the diffraction grating device 150 is parallel 

to the second virtual plane (parallel to the xy plane) . 
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[0022] 

The first and second light beams fed from the side 
of input/output ports 111 to 114 into the diffraction grating 
device 150 are inputted to the diffraction grating device 
5 150 in a direction parallel to the y axis, and are diffracted 

by the diffraction grating device 150 at the same diffraction 
angle . Thus diffracted first and second light beams advance 
in parallel with each other from the diffraction grating 
device 150 toward the lens 160, and are converged by the 
10 lens 160 onto a common light-converging point on any 

reflecting surface of the mirrors 171 to 173. 
[0023] 

The line connecting a point at which the optical axis 
of the first light beam fed from the input/output ports 111 

15 to 114 to the diffraction grating device 150 intersects the 

diffraction grating device 150 and a point at which the 
optical axis of the second light beam fed from the mirrors 
171 to 173 into the diffraction grating device 150 in the 
incoming path intersects the diffraction grating device 150 

20 is parallel to the z axis and perpendicular to the second 

virtual plane (plane parallel to the xy plane) . Namely, 
the projection of the outgoing path of the first light beam 
on the xy plane and the projection of the incoming path of 
the second light beam on the xy plane coincide with each 

25 other. Also, the projection of the outgoing path of the 

second light beam on the xy plane and the projection of the 
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incoming path of the first light beam on the xy plane coincide 
with each other. 
[0024] 

The mirrors 171 to 173 have respective reflecting 
5 surfaces having the same angle of inclination about a line, 

perpendicular to the second virtual plane, passing the 
light-converging point . Preferably, any two of the mirrors 
171 to 173 have respective reflecting surfaces with angles 
of inclination different from each other about a line (line 

10 parallel to the x axis) , parallel to the second virtual plane 

and perpendicular to the optical axis of the second optical 
system, passing the light-converging point. The angle of 
inclination of the reflecting surface in each of the mirrors 
171 to 173 may be fixed or variable. In the latter case, 

15 the respective inclination angles of the reflecting surfaces 

in the mirrors 171 to 173 are variable about a line (line 
parallel to the x axis) , parallel to the second virtual plane 
and perpendicular to the optical axis of the second optical 
system, passing the light-converging point. 

20 [0025] 

While four input/output ports are provided, the 
inclination angle of each of the reflecting surfaces of the 
mirrors 171 to 173 is variable in three stages the number 
of which is smaller than the number of input/output ports 
25 by 1. Namely, the inclination angle of the reflecting 

surface of each mirror is changeable in N stages, and N+l 
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input/output ports are provided in response thereto . Here, 
N is an integer of 2 or greater in general, and is 3 in this 
embodiment. Thus configured optical element 1 can act as 
an optical demultiplexer or optical multiplexer. 
5 [0026] 

Operations of the optical element 1 will now be 
explained. In the following explanation, it is assumed that 
three signal light components having respective wavelengths 
Ai to A 3 are multiplexed and fed from the input/output port 
10 111/ and that the mirrors 171 to 173 reflect the signal light 

components Ai to A 3 , respectively. 
[0027] 

The multiplexed signal light components Ai to A 3 fed 
from the input/output ports 111 are separated in terms of 

15 polarization into a first light beam of a polarized light 

component having a first direction and a second light beam 
of a polarized light component having a second direction 
by the polarization beam splitter 120, which are then 
outputted therefrom. The first light beam of the polarized 

20 light component having the first direction outputted from 

the polarization beam splitter 120 to the first optical path 
Pi is made incident on the diffraction grating device 150 
as it is. The second light beam of the polarized light 
component having the second direction outputted from the 

25 polarization beam splitter 120 to the second optical path 

P 2 is reflected by the mirror 130, so as to be converted 
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into the polarized light component having the first direction 
by the half-wave plate 140, and then made incident on the 
diffraction grating device 150. 
[0028] 

5 Each of the first and second light beams incident on 

the diffraction grating device 150 is a polarized light 
component having the first direction and is made incident 
on the diffraction grating device 150 in parallel with the 
y axis. The multiplexed signal light components Ai to A 3 

10 included in each of the first and second light beams incident 

on the diffraction grating device 150 are diffracted by the 
diffraction grating device 150 at respective diffraction 
angles corresponding thereto, so as tobe spatially separated 
in terms of wavelength. The signal light components Ai to 

15 A 3 separated in terms of wavelength by the diffraction grating 

device 150 are parallel to each other in each of the first 
and second light beams, and are converged by the lens 160, 
so as to be converged onto their corresponding 
light-converging points on the reflecting surfaces of the 

20 mirrors 171 to 173. 

[0029] 

The signal light component Ai converged by the lens 
160 is reflected by the mirror 171 having a reflecting surface 
at the light-converging point of the signal light component 
25 Ai. The signal light component Ai reflected by the mirror 

171 diverges immediately after the reflection, but is 
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collimated by the lens 160 and is diffracted by the 
diffraction grating device 150, since the inclination of 
the reflecting surface of the mirror 171 is appropriately 
set . Similarly, the signal light components A 2 , A 3 converged 
5 by the lens 160 are reflected by the mirrors 172, 173 having 

the reflecting surfaces at their light-converging points, 
respectively, and diverge immediately after the reflection, 
but are collimated by the lens 160 and are diffracted by 
the diffraction grating device 150. In the incoming path, 
10 the first and second light beams travel back the second and 

first optical paths P 2 , Pi/ respectively. 
[0030] 

The first light beam (polarized light component having 
the first direction) diffracted by the diffraction grating 

15 device 150 so as to travel back the second optical path P 2 

in the incoming path is converted into a polarized light 
component having the second direction by the half-wave plate 
140 and then is reflected by the mirror 130, so as to be 
made incident on the polarization beam splitter 120. The 

20 second light component (polarized light component having 

the first direction) diffracted by the diffraction grating 
device 150 so as to travel back the first optical path Pi 
in the incoming path is made incident on the polarization 
beam splitter 120 as it is . The first and second light beams 

25 fed into the polarization beam splitter 120 are combined 

in terms of polarization by the polarization beam splitter 
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120 . The signal light components A x to A 3 are outputted from 

any of the input/output ports 111 to 114. 

[0031] 

Which input/output ports 111 to 114 the signal light 
5 components Ai to A 3 arrive after traveling the incoming path 

are determined by the respecting inclination angles of the 
reflecting surfaces of the mirrors 171 to 173 . For example, 
the signal light components Ai to A 3 can reach the input /output 
ports 112, 113, 114, respectively, after traveling the 

10 incoming path. In this case, the optical element 1 acts 

as an optical demultiplexer for demultiplexing the inputted 
multiplexed signal light components Ai to A 3 into the 
respective wavelengths and outputting thus demultiplexed 
light components. When the signal light components A x to 

15 A 3 are fed into the input/output ports 112 to 114, 

respectively, they travel opposite optical paths, and are 
outputted from the input /output port 111 after multiplexing . 
In this case, the optical element 1 acts as an optical 
multiplexer for multiplexing the individually inputted 

20 signal light components Ai to A 3 and then outputting thus 

multiplexed signal light. 
[0032] 

For example, the signal light components Ax, A 2 having 
traveled the incoming path can reach the input/output port 
25 113, whereas the signal light component A 3 having traveled 

the incoming path can reach the input/output port 114. If 
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the signal light components Ai, A 2 are fed into the 
input/output port 113 whereas the signal light component 
A 3 is fed into the input/output port 114, these signal light 
components travel their opposite optical paths and are 
5 outputted from the input/output port 111 after multiplexing . 

The optical element 1 acts as an optical demultiplexer or 
optical multiplexer for demultiplexing or multiplexing the 
signal light components Ai to A3 in these cases as well. 
[0033] 

10 As in the foregoing, the optical element 1 in accordance 

with this embodiment comprises the polarization beam 
splitter 12, mirror 130, and half -wave plate 140. Therefore, 
the light incident on the diffraction grating device 150 
always attains a polari z at ion direction yielding the highest 

15 diffraction efficiency in the diffraction grating device 

150. The light is converged onto and reflected by the 
light-converging point on the reflecting surfaces of the 
mirrors 171 to 173, which is a turning point of the light 
from the outgoing path to the incoming path, so as to pass 

20 the same lens 160 in the outgoing and incoming paths. 

Therefore, even when the inclination angle of the reflecting 
surfaces of the mirrors 171 to 173 changes, the outgoing 
and incoming paths become parallel to each other between 
the input/output ports 111 to 114 and the lens 160. As a 

2 5 consequence , regardless of the state of polari zat ion of input 

light, the optical element 1 exhibits a low loss upon 
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demultiplexing or multiplexing, and its 

polarization-dependent loss is small. 
[0034] 

At the turning point from the outgoing path to the 
5 incoming path, the light is converged onto and reflected 

by a mirror. Therefore, the mirror can be made smaller and 
realized by the MEMS (Micro Electro Mechanism System) 
technology. The mirrors 171 to 173 are provided for the 
respective wavelengths of signal light beams to be 

10 multiplexed/demultiplexed, whereas the inclination angles 

of reflecting surfaces of mirrors are variable independently 
from each other. As a consequence, the optical element 1 
can freely select the input and output ports for individual 
wavelengths of signal light upon demultiplexing or 

15 multiplexing. Such reflecting means having a plurality of 

mirrors with respective reflecting surfaces with variable 
inclination angles can be realized by the MEMS technology 
as well. 

[0035] Without being restricted to the above-mentioned 
20 embodiment, the present invention can be modified in various 

manners. For example, though the diffraction grating 
device acting as wavelength branching means is of 
transmission type in the above-mentioned embodiment, it may 
be of reflection type. As the wavelength branching means, 
25 a photonic crystal may be used in place of the diffraction 

grating device. When multiplexed mul tiwavelength signal 
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light is inputted, the photonic crystal can output the 
individual wavelength components of signal light to optical 
paths spatially different from each other according to the 
wavelengths. Therefore, in this regard, the photonic 
5 crystal exhibits an action similar to that of the diffraction 

grating device . The wave number of signal light, the number 
of input/output ports, and the number of mirrors are not 
restricted to those explained in the above-mentioned 
embodiment . 
10 [0036] 

In the above-mentioned embodiment, by using the 
polarization beam splitter 120 and the mirror 130, two 
luminous fluxes having respective polarization directions 
orthogonal to each other are outputted into directions 

15 parallel to each other. Here, the polarization beam 

splitter 120 comprises a couple of rectangular prisms bonded 
together at an interface coated with a dielectric polarizing 
film, and outputs two luminous fluxes having respective 
polarization directions orthogonal to each other into 

20 directions orthogonal to each other . Therefore, the mirror 

130 is needed for making these two luminous fluxes advance 
in parallel with each other. However, a birefringent 
crystal such as rutile, for example, can also be used as 
the polarization separating means. In this case, two 

25 luminous fluxes having respective polarization directions 

orthogonal to each other are outputted from the birefringent 
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crystal into directions parallel to each other, whereby no 
mirror is necessary. 
[0037] 

[MERIT OF THE INVENTION] 
5 As explained in detail in the foregoing, the present 

invention comprises polarization separating means and 
polarization plane rotating means. Therefore, the light 
incident on the wavelength branching means can always attain 
a polarization direction yielding the highest diffraction 

10 efficiency in the wavelength branching means. Also, the 

light is convergedonto and ref lectedby the light-converging 
point on a reflecting surface of a mirror of the reflecting 
means acting as the turning point from the outgoing path 
to the incoming path, and passes the same condenser optical 

15 system in the outgoing and incoming paths . Therefore, even 

when the angle of inclination of the reflecting surface of 
the mirror varies, the outgoing and incoming paths become 
parallel to each other between the input/output port and 
the condenser optical system. As a consequence, regardless 

20 of the state of polarization of input light, the optical 

element lowers the loss upon demultiplexing or multiplexing, 
and reduces the polarization-dependent loss. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 
[Fig. 1] 

25 This is schematic diagram of the optical element in 

accordance with an embodiment. 
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[EXPLANATION OF REFERENCES] 
1: optical element 
111-114: input/output port 
120: polarization beam splitter 
5 130:mirror 

140: half-wave plate 
150: diffraction element 
160 : lens 
171-173: mirror 
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[Document Name] ABSTRACT 
[Abstract] 

[Problem] To provide an optical element capable of reducing 
the polarization-dependent loss and the insertion loss. 
5 [Means of Solution] 

Multiplexed signal light X 1- X 3 input from 
input/output port 111 are separated in terms of polarization 
into respective polarized light component having first and 
second directions orthogonal to each other . The first light 

10 beam of the polarized light component having the first 

direction which is output to the first optical path PI enters 
into diffraction element 150, and the second light beam of 
the polarized light component having the second direction 
which is output to the second optical path P2 is converted 

15 into light beams having the first polarization direction 

by a half wave plate 140 and enters into the diffraction 
element 150. In the respective first and second light beams 
entering into the diffraction element 150, the multiplexed 

signal light X 1- X 3 included therein, are spatially 
20 separated in terms of wavelength by the diffraction element 

150, are collected by lens 160, and are converged on the 
converged points on any one of reflection surfaces of mirrors 
171-173. 

[Selected Drawing] Fig. 1 
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